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The objective of this study is to determine mercury, cadmium and lead concentrations in 60 canned 
tuna fish samples produced and distributed in Iran after digestion by the standard methods of the 
Association of Official Analytical Chemists. Mercury contents in canned tuna fish were determined by 
cold vapor atomic absorption spectrophotometry while cadmium and lead were determined by graphite 
furnace atomic absorption spectrophotometry. The metal contents, expressed in g g-1 wet weight for 
mercury, cadmium and lead varied from 0.010 to 0.401 (average of 0.125), 0.008 to 0.150 (average of 
0.050) and 0.021 to 0.301 (average of 0.096), respectively. The values were comparable and in the range 
of the literature values. The results of this study indicate that tuna fish produced and marketed in Iran 
have concentrations well below the standards of FAO/WHO levels of these toxic metals.  
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INTRODUCTION 
 
Fish is widely consumed in many parts of the world by 
humans because it has high protein content, low saturated 
fat and also contains omega-3, calcium, phosphorus, iron, 
trace elements like copper and a fair proportion of the B-
vitamins known to support good health (Tucker, 1997).  
Beside good health benefits of fish, there have been 
many reports on contamination of fish by chemicals in the 
environment (Tuzen and Soylak, 2007). Heavy metals are 
considered the most important constituents of pollution 
from the aquatic environment and the sea because of 
their toxicity and accumulation by marine organisms, 
such as fish (Inskip and Piotrowsiki, 1985; Emami et al., 
2005). While mercury, cadmium and lead  can  be  tolerated  
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at extremely low concentrations, they are extremely toxic, 
persistent   and   not   easily   biodegradable   (Ikem   and 
Egiebor, 2005), and high contaminated fish may cause 
health risk to human. The toxic effects of heavy metals, 
particularly mercury, arsenic, cadmium and lead, have 
been broadly studied (Porto et al., 2005; Houserova et 
al., 2007; Catsiki and Strogyloudi, 1999). The major source 
of exposure of humans to heavy metals is through food 
ingestion (Ikem and Egiebor, 2005).  
Tuna which was recognized as a predator is able to 
concentrate large amounts of heavy metals (Inskip and 
Piotrowsiki, 1985). Canned tuna fish are frequently and 
largely eaten in Iran, so the toxic metal content should be 
of some concern to human health. Publication on the 
concentrations of heavy metals in pressed or canned fish 
in Iran is limited. Canned tuna fish from the Persian Gulf 
area were used because of the heavy trafficking of oil in 
this region that is expected to contaminate the water way 
(Emami et al., 2005). The objectives of this study was to 
analysis and determine the content of mercury,  cadmium  
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Table 1. Recovery of mercury, cadmium and lead (g g-1) in canned tuna samples. 
 
Metal Concentration added (g g-1) Concentration recovered (g g-1) % Recovery 
Mercury 
0.02 
0.05 
0.10 
0.20 
0.0192 
0.0508 
0.0103 
0.0206 
96 
101 
103 
103 
Cadmium 
0.10 
0.20 
0.50 
1.00 
0.107 
0.211 
0.510 
0.991 
107 
105 
102 
99 
Lead 
0.20 
0.40 
0.60 
1.00 
0.202 
0.397 
0.595 
1.044 
101 
99 
99 
104 
 
 
 
Table 2. Mean contents of mercury, cadmium and lead (g g-1) in canned 
tuna samples. 
 
Metal Range Mean SD 
Mercury 0.010-0.401 0.125 0.085 
Cadmium 0.008-0.150 0.050 0.039 
Lead 0.021-0.301 0.096 0.058 
 
 
 
and lead by precise methods in canned tuna fish 
produced and distributed in Iran. 
 
 
MATERIALS AND METHODS 
 
All glassware used were soaked in detergent solution overnight 
before being rinsed and soaked in 10% (v/v) HNO3 overnight, 
followed by rinsing with distilled water. All reagents used were of 
analytical reagent grade Merck, Germany. Standard stock solutions 
of mercury, cadmium and lead were prepared by diluting concen-
trated solutions to obtain solutions of 1000 mgl-1. Canned tuna 
samples were purchased from popular supermarkets in Sahr-e Kord 
and Isfahan, Iran, during September 2008 - June 2009. Sixty tuna 
cans were used in this study. 
After opening, each cans oil was drained off and the meat was 
homogenized thoroughly in a food blender with stainless steel 
cutters. Each sample was then taken and digested promptly as 
follows: for mercury determination, 1 ± 0.001 g of homogenized 
sample was weighed into a 100 ml Erlenmeyer flask and 1 ml of 
concentrated HCl was added, and then, 10 ml of conc HNO3 and 5 
ml of conc. H2SO4 were slowly added. The flask was then placed on 
top of a steam bath unit to complete dissolution. It was then 
removed from the steam bath, cooled and the solution transferred 
carefully in to a 20 ml volumetric flask; for the reduction of mercury, 
5 ml SnCl2 was used. For the determination of lead and cadmium, 
about 10 ± 0.001 g of homogenized sample were weighed into a 
200 ml beaker and 10 ml of concentrated HNO3 were added. The 
beaker was covered with a watch glass, and after most of the 
sample was dissolved by standing overnight, it was then heated on 
a hot plate with boiling until any vigorous reaction had subsided. 
The solution was allowed to cool, transferred into a 50 ml volumetric 
flask and diluted to the mark with distilled water (Voegborlo et al., 
1999). For each run, a duplicate sample, spiked samples for 
recovery and two blanks were carried through the whole procedure. 
Validity of analytical methodology was checked by spiking the 
samples with various concentrations of heavy metals for the recovery. 
The recoveries of the metals were determined by adding increasing 
amounts of metals to the samples which were then subjected to the 
digestion procedure. The resulting solutions were analyzed for the 
metal concentrations. The results are reported in Table 1. 
Mercury was determined in all the digests using cold vapor atomic 
absorption spectrophotometry flow infection mercury/hydride analyzer 
(FIAS 4100, Perkin Elmer, USA), equipped weigh hollow cathode 
mercury lamp operated at a wave length of 253.7 nm. Quartz 
absorption cell was used for the mercury determination.  
Cadmium and lead concentrations were determined by graphite 
furnace atomic absorption spectrophotometry (Perkin Elmer 4100, 
USA), employing paralytic platform graphite tubes (Perkin Elmer, 
AS-40), ascorbic acid and palladium for matrix modification.  
 
 
RESULTS AND DISCUSSION 
 
Sixty samples of canned tuna fish were analyzed for 
mercury, cadmium and lead. Good recoveries of spiked 
samples show accuracy of the analytical methods (Table 
1). The results of this study indicated that the concen-
tration varied form 0.010 to 0.401 with mean ± SD value 
of 0.125 ± 0.085g g-1 for mercury, from 0.008 to 0.150 
with a mean value of 0.050 ± 0.039g g-1 for cadmium 
and from 0.021 to 0.301 with a mean value of 0.096 ± 
0.058g g-1 for lead (Table 2).  
Many previous literatures have shown that the occur-
rence of toxic elements contamination is related to length, 
weight, age and sex of fish (Agusa et al., 2005; Emami 
Khansari et al., 2005; De Marco et al., 2006; Storelli et 
al., 2002). Season and  place  are  also  important  in  the 
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Table 3. Mercury, cadmium and lead level (g g-1) in canned tuna fish reported internationally. 
 
Country Mercury Cadmium Lead Reference 
Australia 0.01 - 0.89 0.01 - 0.12 0.02 - 1.0 Suppin et al. (2005) 
Libya 0.20 - 0.66 0.09 - 0.32 0.18 - 0.40 Voegborlo et al. (1999) 
0.004 - 0.500 - - Hgjeb et al. (2009) 
Malaysia 
- 0.06 - 0.14 0.40 - 0.76 Zahari et al. (1987) 
- 0.025 - 0.494 0.076 - 0.314 Celik and Oehlenschlager (2006) 
Turkey 
- 0.06 - 0.25 0.09 - 0.40 Tuzen and Soylak (2007) 
0.18 - 0.86 0.08 - 0.66 0.14 - 0.82 Ashraf (2006) 
Saudi Arabia 
- 0.07 - 0.64 0.03 - 0.51 Ashraf et al. (2006) 
USA 0.02 - 0.76 0.0 - 0.05 0.0 - 0.03 Ikem and Egiebor (2005) 
0.045 - 0.253 0.005 - 0.072 0.016 - 0.073 Emami Khansari et al. (2005) 
Iran 
0.010 - 0.401 0.008 - 0.150 0.021 - 0.301 This study 
 
 
 
levels of toxic elements accumulation in fishes (Kagi and 
Schaffer, 1998). However, good agreements were observed 
when our results were compared with those reported by 
other authors (Committee for Inland Fisheries of Africa, 
1992). 
Mercury has been recognized as severe environmental 
pollutant, with high toxicity even at low concentrations 
and it has the ability to enter into biological systems 
(Porto et al., 2005). It has strong tendency to accumulate 
in aquatic food chain, and about 95% of the methyl 
mercury in humans originated from ingested fish 
(Houserova et al., 2007; Voegborlo and Akagi, 2007). 
Mercury and methyl mercury are neurological toxicants to 
humans. In addition, methyl mercury is also classified as 
a Group C possible human carcinogen (Commission of 
the European Communities, 2001). Base on the wet 
weight, all of the canned tuna fish samples commonly 
consumed by Iranians analyzed in this study had mercury 
concentrations below 0.5g g-1 wet weights; the guideline 
level established by European Communities and Joint 
FAO/WHO Expert Committee on Food Additives (Food 
Agriculture Organization, 1976; Commission of the 
European Communities, 2001). Mercury concentrations 
in canned tuna fish found in this study were in good 
agreement with those reported by other studies (Table 3).  
Lead is known to induce reduced cognitive development 
and intellectual performance in children and increased 
blood pressure and cardiovascular disease in adults 
(Commission of the European Communities, 2001). The 
maximum lead level permitted for canned fishes is 0.2 g 
g-1 according to the European communities (Commission 
of the European Communities, 2001). In this study, the 
mean, lowest and highest lead levels in samples were 
0.096 g g-1, 0.021 g g-1 and 0.301 g g-1, respectively, 
and only 6.7% of samples showed slightly elevated levels 
of lead (>0.2 g g-1).  The results were compared with the 
literature values (Table 3). The fact that toxic metals are 
present in high concentrations in fishes is of particular 
importance in relation to the FAO/WHO (1976) standards 
for lead and cadmium as toxic metals. The maximum 
permissible doses for an adult are 3 mg lead and 0.5 mg 
cadmium per week, but the recommended sources are 
only one-fifth of those quantities.  
Cadmium may accumulate in the human body and may 
induce kidney dysfunction, skeletal damage and repro-
ductive deficiencies (Tuzen and Soylak, 2007). The mean 
of cadmium concentration in analyzed canned fish 
samples were lower than the European communities 
(maximum 0.05 mg Cd/kg) (Commission of the European 
Communities, 2001), but, out of total 60 samples 
analyzed, 27 (45%) showed slightly elevated levels of 
cadmium (>0.05 g g-1). However, these are approximately 
8 times below the codex committee on Food Additives 
and Contaminants (CCFAC, 2001) draft guideline of 0.5 
g g-1. The lowest and highest cadmium levels were 
0.008g g-1 and 0.150g g-1, respectively. Cadmium 
contents in literature have been reported in the range of 
0.0 -0.0.66 g g-1 in canned tuna fish samples in previous 
studies (Table 3). 
 
 
Conclusion 
 
The levels of some toxic elements in analyzed canned 
fish samples were found to be above legal limits. The 
level may be reduced by more careful handling practices 
and processing of raw materials. Canned fish samples 
should be analyzed more often in Iranian supermarkets 
with respect to toxic elements. This study improves the 
baseline data and information on mercury, cadmium and 
lead concentration in canned tuna fish commonly marketed 
in Iran. Such data provide valuable information on safety 
of fishes commonly consumed by the public. 
 
 
ACKNOWLEDGEMENTS 
 
We would like to gratefully acknowledge Manoochehr 
Ahmadi, Elham Ebadati, Mahdi Reisi and Amir Shakerian 
for the sincere help in performing technical parts of the 
project. 
 
 
 
 
REFERENCES 
 
Agusa T, Kunito T, Yasunga G, Iwata H, Subramanian A, Ismail A, 
Tanabe S (2005). Concentration of trace elements in marine fish and 
its risk assessment in Malaysia. Marine Pollut. Bull. 51(8-12): 896-
911.  
Ashraf W, Seddigi Z, Abulkibash A, Khalid M (2006). Levels of selected 
metals in canned fish consumed in Kingdom of Saudi Arabia. 
Environ. Monit. Assess. 117(1-3): 271-279. 
Ashraf W (2006). Levels of selected heavy metals in tuna fish. Arabian 
J. Sci. Eng. 31(1): 89-92. 
Catsiki VA, Strogyloudi E (1999). Survey of metal levels in common fish 
species from Greek waters.  Sci. Total Environ. 237/238: 387-400. 
Codex Committee on Food Additives and Contaminants (2001). 
Comments submitted on draft maximum levels for lead and cadmium. 
Agenda 16c/16d, Joint FAO/WHO Food Standards Programme, 
Thirty-third Session, The Hague, The Netherlands, 12-16 March, 
2001. 
Celik U, Oehlenschlager J (2006). High contents of cadmium, lead, zinc 
and copper in popular fishery products sold in Turkish supermarkets. 
Food Control, 18(3): 258-261. 
Committee for Inland Fisheries of Africa (1992). Report of the third 
session of the working party on pollution and fisheries. FAO Fisheries 
Report No. 471. Food and Agriculture Organization of the United 
Nations, Rome. 
Commission of the European Communities (2001). Commission 
Regulation (EC) No. 221/2002 of 6 February 2002 amending 
regulation (EC) NO. 466/2002 setting maximum levels for certain 
contaminants in foodstuffs. Official Journal of the European 
Commucities, Brussels, 6 February 2002. 
De Marco SG, Botte SE, Marrcovecchio JE (2006). Mercury distribution 
in biotic and biological compartments within several estuarine 
systems from Argentina, 1980-2005 periods. Chemosphere, 65(2): 
213-223. 
Emami Khansari F, Ghazi-Khansari M, Abdollahi M (2005). Heavy 
metals content of canned tuna fish. Food Chem. 93(2): 293-296. 
Food and Agriculture Organization (1976). List of maximum levels 
recommended for contaminants by the Joint FAO/WHO Codex 
Alimentarius Commission. (Vol. 3). Second series. CAC/FAL, Rome, 
Italy. pp. 1-8. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Rahimi et al.        4941 
 
 
 
Hgjeb P, Jinap S, Ismail A, Fatimah AB, Jamilah B, Abdul Rahim M 
(2009). Assessment of mercury level in commonly consumed marine 
fishes in Malaysia. Food Control, 20(1): 79-84. 
Houserova P, Kuban V, Kracmar S, Sitko J (2007). Total mercury and 
mercury species in birds and fish in an aquatic ecosystem in the 
Czech Republic. Environ. Pollut. 145(1): 185-192. 
Ikem A, Egiebor NO (2005). Assessment of trace elements in canned 
fishes (Mackerel, Tuna, Salmon, Sardines and Herrings) marketed in 
Georgia and Alabama (United States of America). J. Food Comp. 
Anal. 18(8): 771-787.  
Inskip MJ, Piotrowsiki JK (1985). Review of the health effects of 
methylmercury. J. Appl. Toxicol. 5(3): 113-133. 
Kagi JH, Schaffer A (1998). Biochemistry of metallothionein. 
Biochemistry, 27(23): 8509-8515.  
Porto JIR, Araujo CSO, Feldberga E (2005). Mutagenic effects of 
mercury pollution as revealed by micronucleus test on three 
Amazonian fish species. Environ. Res. 97(3): 287-292. 
Storelli MM, Giacominelli-Stuffler R, Marrcotrigiano GO (2002). Total 
and methylmercury residues in cartilaginous fish from Mediterranean 
Sea. Marine Pollut. Bull. 44(12): 1354-1358. 
Suppin D, Zahlbruckner R, Krapfenbauer-Cermak CH, Hassan-Hauser 
CH, Smulders FJM (2005). Mercury, lead and cadmium content of 
fresh and canned fish collected from Austrian retail operations. 
Ernährung/Nutrition, 29(11): 456-460. 
Tucker BW (1997). Overview of current seafood nutritional issues: 
Formation of potentially toxic products, in: Shahidi F, Jones Y, Kitts 
DD (Eds.), Seafood safety, processing and biotechnology. 
Technomic Publishing Co. Inc., Lancaster, PA (USA). 
Tuzen M, Soylak M (2007). Determination of trace metals in canned fish 
marketed in Turkey. Food Chem. 101(4): 1378-1382. 
Voegborlo RB, El-Methnani AM, Abedin MZ (1999). Mercury, cadmium 
and lead content of canned tuna fish. Food Chem. 67(4):341-345. 
Voegborlo RB, Akagi H (2007). Determination of mercury in fish by cold 
vapour atomic absorption spectrometry using an automatic mercury 
analyzer. Food Chem. 100(2): 853-858.  
Zahari bin AH, Mamat M, Embong S (1987). Cadmium, mercury and 
lead contents of canned seafoods in Malaysia. J. Micronutr. Anal. 
3(2): 129-135.  
 
 
 
 
